outcomes at school age has rarely been evaluated. 9, 10 Reticular basement membrane (RBM) thickness and mucosal inflammatory cell counts appear to be unrelated to clinical or functional outcomes at school age. 9 Studies concerning airway smooth muscle (ASM) have provided conflicting results, and it remains unclear whether a greater ASM area in preschool wheezers is a risk factor for persistent asthma at school age. 9, 10 Thus, whether early inflammation and remodelling at preschool age affect clinical and functional outcomes at school age remains to be determined. A better knowledge of the early pathological features associated with the persistence of wheezing from preschool years to childhood would be very useful for the development of preventive strategies, at least in selected children with a severe phenotype. The Severe Preschool Asthma Survey and Monitoring (SPASM) cohort was initiated in 2006 to assess airway wall structure and its relationship with inflammation and age in a well-defined population of preschoolers with severe recurrent wheeze. A highlyselected population of preschoolers with severe recurrent wheeze was investigated by flexible endoscopy and bronchial biopsy to assess airway remodelling and inflammation. 6 In this study, children from this cohort were assessed for asthma at school age to determine whether early markers of remodelling and inflammation were associated with asthma and lung function. We hypothesised that early morphometric changes and airway inflammation were associated with asthma symptoms and poor lung function at school age.
| ME TH ODS
This study was approved by the institutional review board of the Necker Hospital (Comit e de Protection des Personnes). Written informed consent was obtained from parents.
| Subjects
The original study population of 49 preschool children (median age:
38.4 months) with severe recurrent wheeze referred for further investigations including flexible bronchoscopy has been reported elsewhere. 6 Endobronchial biopsies were obtained from the segmental bronchi from the right or left lower lobes. Morphometric parameters associated with airway remodelling were analyzed including RBM thickness (lm), ASM and mucus glands area (% of submucosal surface), epithelial integrity (%) and angiogenesis (CD31 expression). Inflammation parameters were also assessed in the biopsies including the total number of inflammatory cells, eosinophils, neutrophils, and mononuclear cells, and in bronchoalveolar lavages, including total cell count, and the number of eosinophils, neutrophils, macrophages and lymphocytes.
| Assessment at school age

| Clinical evaluation
Children were clinically assessed for asthma at school age by a physician. Asthma at school age was defined according to the Global Initiative for Asthma criteria (GINA). 11 Children with asthma symptoms during the previous 12 months and evidence of reversible airflow limitation were categorised as having persistent asthma.
Asthma symptoms included wheezing, shortness of breath, chest tightness and cough. Severe exacerbations were defined as requiring a systemic course of steroids for 3 days or more. Children without asthma symptoms and with normal lung function in the absence of asthma medication for 12 months or more were categorised as not having asthma. Children were also divided into two groups based on severe exacerbation patterns: exacerbators: children with one or more severe exacerbations in the past 12 months; non-exacerbators:
children who had no severe exacerbation. Atopy was defined as a positive standard skin prick test and/or specific immunoglobulin E (IgE) levels for current allergens (details are available in the online Data S1). 
| Spirometry
Spirometry was performed as previously described. [13] [14] [15] Measures were performed pre-and post-bronchodilator. Spirometry was performed at least 4 weeks after an exacerbation. Children were not advised to discontinue their controllers before spirometry.
| Statistical analysis
Data are expressed as the median [Interquartile range]. Differences between groups were assessed using the Mann-Whitney test. Correlation analyses were made using Spearman's rank correlation analysis. P < .05 was considered to be significant. Data were analyzed using GraphPad Prism version 5.03 (GraphPad Software, Inc., San Diego, CA).
| RESULTS
| Patients
Thirty-six children of the 49 from the original cohort (73.5%) were assessed at 10.9 years of age [10.1-12.3] (Figure 1 ). Baseline characteristics at preschool age were similar between the children who were assessed at school age and those who were not, except for epithelial integrity, which was higher in the 36 children included (details are available in the online Data S1). The general characteristics of the children evaluated at school age are summarised in 
| Markers of inflammation and asthma outcome
The counts of inflammatory cells in the submucosa at baseline were similar between children with persistent asthma and no asthma at school age (Table 2) .
Exacerbator children at school age had higher submucosal eosinophil counts per 0.1 mm 2 at baseline than non-exacerbators (16 Eosinophils, mononuclear cells and the total cell counts were not associated with lung function at school age (details are available in the Data S1).
There was no difference in baseline BAL cytology between children with persistent asthma and no asthma at school age, and we found no association between BAL cytology at baseline and lung function at school age (not shown). The number of children with positive microbiological BAL cultures at baseline did not differ between children with persistent asthma and no asthma at school age or between exacerbators and non-exacerbators (not shown).
| Markers of remodelling and asthma outcome
Markers of remodelling at baseline were similar between the children with persistent asthma and those with no asthma at school age (Table 2 ) and between exacerbators and non-exacerbators (not shown). No markers correlated with the number of severe exacerbations at school age (Table 3 ). The ASM area at baseline correlated with post-bronchodilator FEV1/FVC at school age (P < .01, r = .51),
but not with post-bronchodilator FEV1 or FEF 25-75% predicted (Table 2 , Figure 4 ). The number of vessels at baseline negatively correlated with post-bronchodilator FEV1% predicted, and FEV1/FVC at school age (P = .03, r = À.43; P = .05, r = À.41; respectively), as well as post-bronchodilator FEF 25-75% predicted (P = .01, r = À.46) (Figure 4 ). RBM thickness, epithelial integrity, and mucus gland area F I G U R E 1 Flow chart of the population. ICS: inhaled corticosteroids in lg/day fluticasone equivalents at baseline were not associated with lung function at school age (Table 3) .
| DISCUSSION
We assessed the outcome of a highly-selected group of preschool children with severe recurrent wheeze and analyzed whether early markers of remodelling and inflammation could predict clinical and functional outcomes at school age. We found that asthma persisted in 72.2% of cases at school age in this highly-selected group. Eosinophilic infiltration of the submucosa at preschool age was higher in children who continued to have severe exacerbations at school age and correlated with the number of severe exacerbations. Neutrophilic inflammation and the extent of the ASM area correlated with better lung function at school age. Finally, higher vascularity correlated with poorer lung function at school age.
Asthma persisted at school age in more than 70% of the preschool children with severe recurrent wheeze. However, asthma severity decreased over time. Thus, in our population, having a severe phenotype in the preschool years was predictive of persistent asthma at school age, but was not related to asthma severity. Our findings confirm longitudinal studies showing that both the frequency and severity of preschool wheeze were associated with persistent asthma at school age. 5, 16, 17 However, the percentage of children in our study with asthma at school age was higher than that observed in other cohorts of preschool wheezers (40%-57%). 9, 10 This might be related to differences in the asthma definition at school age. Alternatively, this might reflect that our preschoolers had a more severe phenotype. The children in our study might represent the more severe subgroup of preschoolers with severe wheeze and might have specific pathological features underlying their disease.
In that connection, the association between submucosal eosinophilia in the preschool years and the number of severe exacerbations at school age may be relevant. This result reinforces previous data suggesting that asthmatic children with higher levels of sputum eosinophils may have a worse outcome than those with lower levels. 18 The potential role of eosinophils in persistent asthma is supported by functional data showing that eosinophils from symptomatic asthmatics are more likely activated than those from asthmatic symptom-free children or children without asthma. 19 Such an association between eosinophils in the preschool years and exacerbations at informative, but neither FeNO, sputum eosinophil, or blood eosinophil counts are reliably representative of airway eosinophilia in children, and performing other biopsies were not feasible for ethical reasons. 21 The correlation between eosinophilic infiltration at baseline and severe exacerbations at school age was moderate, and some outliers in the distribution may have influenced the results. Finally, the classical markers of inflammation or remodelling were not associated with clinical outcome. This suggests that other mechanisms might be involved in the pathogenesis of persistent asthma.
Airway neutrophils in the preschool years were associated with better lung function at school age, suggesting a protective role of neutrophils against alterations of lung function. This is consistent with previous studies demonstrating that neutrophils correlated with better FEV1% predicted in children with severe asthma. 22 How the neutrophils could affect lung function remains unknown. The observation that mice having the greater number of neutrophils in BAL after an ovalbumin challenge had reduced airway resistance suggests that neutrophils have a protective effect on airway hyperresponsiveness. 23 Surprisingly, we observed that ASM area in preschool years was also associated with a better post-bronchodilator FEV1/FVC at school age, although no association was found with post-bronchodilator FEV1. The relevance of this result is unclear and contrasts with previous finding showing that ASM area is increased in children and adults with severe asthma and a persistent obstructive pattern. 14, 24 It is unlikely that ASM had mechanically improved lung function by increasing bronchodilation because we found no correlation between ASM area and FEV1 reversibility. However, this result supports the lower airway hyperreactivity observed at school age in children who had a higher ASM area in infancy. 9 Conversely, airways vascularity in the preschool years negatively correlated with lung function at school age. This finding supports that the higher vascularity observed in the younger preschoolers at baseline is abnormal, and thus an early feature of the disease itself. 6 In addition, this confirms our previous finding that the number of vessels was higher in children with severe asthma with a persistent obstructive pattern than in those without an obstructive pattern. 14 The higher vascularity and subsequent mucosal oedema may contribute to the thickness of the airway wall and the airflow limitation. 25 None of the markers of remodelling observed in our preschool wheezers correlated with any clinical outcome at school age. O'Reilly and colleagues found that children with asthma at school age had greater ASM area in infancy. 10 In that study, biopsies were taken from the carina, whereas our biopsies were taken from bronchi.
Their results might not reflect bronchial changes, as the distribution of ASM within the bronchial tree might be heterogeneous. 26 However, ASM area was recently found to correlate with asthma exacerbations occurring within the 12 months following biopsies in adults with non-severe asthma. 27 Thus, other studies are needed to assess the relation between ASM area and future exacerbations in preschoolers with severe recurrent wheeze. The absence of a relationship between past RBM thickness and persistent asthma supports previous findings, 9, 10, 21 and confirms the absence of an association between RBM thickness and symptom duration previously described in children with severe asthma. 
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One of the strengths of our study is that the patients were wellphenotyped and extensively investigated with flexible bronchoscopy and bronchial biopsies. In addition, we analyzed all classical markers of remodelling and inflammation. Our study has several limitations.
Control subjects with milder disease were not include for ethical reasons thus our results should be interpreted with caution, even though preschoolers with severe recurrent wheeze may display specific inflammatory and remodelling features. The sample size was small, and some patients were lost to follow-up. However, these patients did not differ in their baseline characteristics than the children included. It is therefore unlikely that this has biased our results.
A longitudinal study with repeated biopsies from the same children would have been the best design to assess the impact of structural and inflammatory changes on asthma evolution, but this was not feasible for ethical reasons. Half of our asthmatic children at school age were under current asthma treatment at the time at the spirometry, and this might have affected lung function. However, we did not discontinue their current treatment for ethical reasons. The methods used to estimate the parameters of remodelling may have affected our results. For instance, assessing both the ASM volume fraction and the ASM area may improve the estimation of ASM, even though in a previous study, using both methods gave similar results. 10 Our analysis of ASM was based on previously published data, 29 and we used this methodology in other published studies. 14 It is also possible that the sample size, and the limited variability of the data resulting from both the small sample size and the homogeneity of the patients, may result in a type II error. Further data would be useful to confirm our observations. Finally, our data at baseline were obtained in a highly symptomatic group, under high doses of ICS, which may have influenced the inflammatory cell numbers, and cannot be extrapolated to preschoolers with milder symptoms.
In conclusion, this study demonstrates that asthma persists in most highly-selected preschoolers with severe recurrent wheeze, although its severity decreases over time. In this population, bronchial eosinophilic and neutrophilic inflammation as well as ASM mass and angiogenesis might be the main determinants of asthma outcome. A better description, at the bronchial level, of the inflammatory and immunologic profiles in relation with remodelling is essential to identify the specific features of the endotype of preschoolers at high risk of persistent asthma.
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